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Appendix E. Preparatory Math Skills 

Practice Exercises 1 
Learning How to Draw and Measure to Scale 

 1. On a separate piece of paper… 
a. Make a scale drawing of 20 grams, using a scale of 1 in = 4 gm. 
b. Make a scale drawing of 5.3 kilograms, using a scale of 1 cm = 2 kg. 
c. Make a scale drawing of 4000 pounds, using a scale of 1 in = 500 lb. 
d. Make a scale drawing of 4000 pounds, using a scale of 1 cm = 500 lb. 

 2. Given the scale drawings below, use your inch ruler to measure the line length and then 
calculate the magnitude represented by the line length. 
a. Scale: 1 in = 30 lb 

 
 Line length represents _____ pounds. 

b. Scale: 1 in = 10 kg 
 

 Line length represents _____ kilograms. 

c. Scale: 1 in = 200 Newtons 
 

 Line length represents _____ Newtons. 

d. Scale: 2 in = ½ mile 
 

 Line length represents _____ miles. 
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Practice Exercises 2 
Learning How to Draw and Measure Angles 

 1. Measure each of the angles shown below. On a separate sheet of paper, identify each angle and 
record its measurement. For example, ∠BAC = _____°. 

  
a. b. 

  
c. d. 

 2. Draw and label each of the following angles.  
Example: ∠BAC = 90° 

 

a. ∠CDF = 50° 
b. ∠XYZ = 115° 
c. ∠RST = 13° 
d. ∠JIH = 67° 
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 3. Use the drawing below to answer the questions that follow: 

 

a. If ∠1 = 90°, what can you say about lines  and m? 
b. If line p is perpendicular to line  (p ⊥ ), what is the measure of ∠2? 
c. If ∠1 = 90°, what is the measure of ∠3? 
d. If ∠1 = 90°, what can you say about the measure of ∠4? 
e. Since ∠1 and ∠2 are right angles, what statement can you make about lines m and p? 

 4. Draw ∠BAC = 45°. Use the scale: 1 cm = 5 N. Draw line AB to a length representing 
15 Newtons. Then draw line AC to a length that represents 8 Newtons.  

 5. Below is a simple sketch of the frame and drive shaft for a rear-wheel-drive automobile. 
Complete the statements that follow. 

 

a. The drive shaft is ______ to the rear axle. 
1. parallel 
2. perpendicular 
3. at an angle of 30° 
4. at an angle of 45° 
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b. The rear axle and the front axle are ______ to each other. 
1. parallel 
2. perpendicular 
3. at an angle of 30° 
4. at an angle of 45° 

c. The drive shaft is ______ to the direction of travel of the car. 
1. parallel 
2. perpendicular 
3. at an angle of 30° 
4. at an angle of 45° 

d. When the tires on the car have spun around 360° (one revolution), the distance they have 
moved on the ground is about the same as their ______. 
1. radius 
2. diameter 
3. circumference 
4. semicircle 

 6. For the following triangles, solve for ∠x . 

  

a. b. 

Practice Exercises 3 
Learning How to Multiply and Divide Numbers and Units 

 1. 5 lb × 10 ft = ______________________________________________  

 2. 10 lb ÷ 2 ft2 = _____________________________________________  

 3. 100 N ÷ 5 m2 = ____________________________________________  

 4. 1000 cm3 × 13.6 3
g

cm
 = ____________________________________  
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 5. 16 miles
hour

 × 0.5 hour = ______________________________________  

 6. 5 hours × 60 minutes
hour

 = _____________________________________  

 7. 62.4 3
lb
ft

 × 10 ft = __________________________________________  

 8. 10 3
N

m
 × 2 m = ____________________________________________  

Practice Exercises 4 
Learning How to Write Numbers in Scientific Notation 

 1. The following numbers are all larger than one. Change each to scientific notation—with only 
one digit remaining to the left of the decimal point in the final answer. 
Example: 3860 = 3.86 × 103 
a. 38,600 = _____________________________________________  
b. 157,300 = ____________________________________________  
c. 300,000,000 = _________________________________________  
d. 147 = ________________________________________________  
e. 93,000,000 = __________________________________________  

 2. The following numbers are all less than one. Change each to scientific notation—with only 
one digit (other than zero) remaining to the left of the decimal point in the final answer. 
Example: 0.015 = 1.5 × 10–2 
a. 0.0036 = _____________________________________________  
b. 0.715 = ______________________________________________  
c. 0.000025 = ___________________________________________  
d. 0.002 = ______________________________________________  
e. 0.00083 = ____________________________________________  

 3. The following numbers are written in power-of-ten notation. Change each to decimal notation. 
Examples: 8.36 × 10–1 = 0.836 

3.01 × 103 = 3010 
a. 81.5 × 10–1 = __________________________________________  
b. 47.71 × 10–4 = _________________________________________  
c. 326.1 × 10–4 = _________________________________________  
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d. 4.771 × 104 = _________________________________________  
e. 389 × 10–5 = __________________________________________  
f. 3 × 108 = _____________________________________________  

 4. Change the following numbers to power-of-ten notation by filling in the correct prefixes. 
Example: 3860 = 3.86 × 103 
a. 38,600 = ___________________________________________ × 102 
b. 157,300 = __________________________________________ × 104 
c. 23,600 = ___________________________________________ × 105 
d. 0.00147 = __________________________________________ × 10–3 
e. 0.056 = ____________________________________________ × 10–2 
f. 0.0791 = ___________________________________________ × 10–3 
g. Indicate which of the numbers above have been rewritten in scientific notation. 

 5. Multiply or divide the expressions below with a calculator. Then write the answers in scientific 
notation. 
a. (1.25 × 1012) + (8.7 × 1011) = _____________________________  
b. (3.2 × 106) × (5.9 × 104) = _______________________________  
c. 26 ÷ (4.6 × 1014) = _____________________________________  
d. (4.9 × 10–32) × (1.6 × 1033) = _____________________________  
e. 1245 = _______________________________________________  

Practice Exercises 5 
Learning How to Measure Angles in Radians 

 1. Answer the following questions about angles and measuring angles. 
a. How many degrees are in a circle? 
b. If a pie is cut in half (across a diameter), then each of those halves is cut in half, and then 

each of those pieces is cut in half, how many pieces of pie are cut? How many degrees 
does each piece span? 

c. How many degrees are between each of the numbers on the face of a clock? (That is, how 
many degrees are between the 12 and the 1, between the 1 and the 2, and so on?) 

d. On the face of a clock, if you start at 12 o’clock and move clockwise, how many degrees 
will you cross between 12 and 3? Between 12 and 6? Between 12 and 9? Between 12 and 
all the way around to 12 again? 

 2. Convert 60° to radians. 

 3. Convert 150° to radians. 
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 4. Convert 
3
π  to degrees. 

 5. Convert 5
4
π  to degrees. 

Practice Exercises 6 
Area and Volume Measurement 

 1. Find the area of a flat aluminum plate, 4 in. by 8 in. 

 2. Find the volume of a pool that is 10 m in length, 15 m wide, and 1.5 m deep. 

 3. A fire extinguisher has a radius of 3 in. and a height of 24 in. How many cubic inches of water 
can it hold? 

 4. A very popular 8-cylinder automobile engine is manufactured with each cylinder having a 
4-inch diameter and a height of 3.48 inches. What is the total volume of this popular engine? 

Practice Exercises 7 
Ratio and Proportion 

 1. Read the statements in the following chart. Then write the ratios described by the statements in 
the blanks. Write each ratio as (1) a fraction, (2) a quotient, and (3) with a colon. 

Statement Fraction Indicated 
division Colon 

a. Jana is three times as tall as 
Mark. 

   

b. A gallon of milk costs twice 
as much as a gallon of gasoline. 

   

c. Her brother is half as old as 
my brother. 
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 2. What is the ratio of shaded to unshaded areas in the following figures? 

 

 3. What percentage of each figure in Exercise 2 is shaded? 

 4. What percentage of each figure in Exercise 2 is unshaded? 

 5. Does adding the percentages in Exercises 3 and 4 give 100% for each figure? 

 6. Solder is a mixture of lead and tin. “Soft” solder has 6 parts tin and 4 parts lead. 
a. How many grams of tin are in 1 kilogram of soft solder? 

(Hint: 6 parts + 4 parts = 10 parts = whole.) 
b. How many grams of lead are in 1 kilogram of soft solder? 

 7. Which of the following ratios is proportional to 40/5? 
a. 20/10 
b. 8/1 
c. 5/40 
d. 80/11 

 8. Which of the following ratios is proportional to 7/63? 
a. 14/126 
b. 1/8 
c. 1/7 
d. 9/1 

 9. What is the constant of the ratios 12
1

 and 144
12

? 

 10. What is the constant of the ratios 1
8

 and 8
64

? 

 11. A force of 70 Newtons compresses a spring 2 cm. A second force compresses the same spring 
only 1 cm. How much force is applied the second time? 

(Hint: Use the proportion 70 N (N) .
2 cm 1 cm

x
= ) 
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 12. Blueprints and floor plans of buildings are not drawn actual size but are “scaled down.” For 
example, a 1-foot distance in the building may appear as a ¼" distance on the drawing. 
a. What is the ratio that describes the scale used in such a drawing? (Show the ratio both 

with and without dimensions.) 
b. How long a line would be used to represent a wall that is 24' long? 
c. How long is a duct that is depicted on a drawing by a 9½-inch line? 

 13. A catalog lists the characteristics of several manually operated winches. One of the features 
listed is the gear ratio. The worm gear shown below is advertised to have a gear ratio of 41 : 1. 
That is, 41 turns of the hand crank are needed to produce one turn of the large gear. 

 

a. The drum attached to the large gear has a diameter of 1½" and is used to reel in a length of 
cable. About how many times would the hand crank have to be turned to reel in 18" of 
cable? (Round to the nearest whole turn of the crank.) 

b. Suppose you are able to turn the hand crank at a rate of 40 turns per minute. About how 
many minutes would it take to wind 18" of cable? (Round to the nearest 0.1 minute.) 

 14. A pressure intensifier is used to convert available air (pneumatic) pressure to high hydraulic 
pressures, such as those needed in hydraulic lifts and actuators. The ratio of input piston areas 
to output piston areas is inversely proportional to the ratio of input to output pressures. 

 

  A water-jet cutting mechanism requires 10,000 psi water pressure at the output. The 
manufacturing plant can supply 80 psi air pressure as input to a pressure intensifier. If the 
circular input piston can be no larger than 12 in. diameter, what must be the diameter of the 
circular output piston to achieve the desired output pressure? 
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Practice Exercises 8 
Unit Conversion 

SI Prefixes 

Factor by which the 
unit is multiplied 

Prefix 
 Name Symbol 

 1012 
* 109 
* 106 
* 103 
 102 
 101 = 10 
 10–1 
* 10–2 
* 10–3 
* 10–6 
* 10–9 
 10–12 
 10–15 
 10–18 

tera 
giga 
mega 
kilo 
hecto 
deca 
deci 
centi 
milli 
micro 
nano 
pico 
femto 
atto 

T 
G 
M 
k 
h 
da 
d 
c 
m 
µ 
n 
p 
f 
a 

*Most commonly used   

 1. Place the names and symbols for the following factors in the spaces provided. The answer to 
the first one is provided. 

Factor Name  Symbol 

103 kilo  k 

10–3    

106    

10–6    

10–2    

109    

10–9    

10–12    
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 2. For each value given below, change the power-of-ten notation to a number. Then add the 
correct prefix symbol to the unit. 

5.6 × 103 meters = 5.6 kilometers (km) 

6.8 × 103 calories =  

10 × 10–2 meters =  

5 × 10–3 meters =  

3.14 × 10–9 seconds =  

 3. Use the table on the preceding page to identify the correct prefixes for the power-of-ten 
numbers given below. 

10–3 meters =  

10–3 grams =  

10–6 calories =  

10–2 meters =  

 4. Rewrite “15,600 grams” using power-of-ten notation and a unit prefix name that involves 
kilograms. 

 5. Given the equation: vf = vi + at 
where vf = Speed (ft/s or m/s), 
 vi = Initial speed (ft/s or m/s), 
 a = Acceleration (ft/s2 or m/s2), and 
 t = Time (s). 

  Substitute the proper units for vi, a, and t, first in the English system and then in SI. Show that 
each term has dimensions of ft/s or m/s, hence speed—the correct units for vf. 

 6. Given the equation: RE = 
A
ρ  

where  RE = Electrical resistance in ohms (Ω), 
 ρ = Electrical resistivity in ohm • cm, 
  = Length in cm, and 
 A  = Cross-sectional area in cm2. 

  Substitute the proper units for ρ, , and A into the equation. Show that the terms on the right 
reduce to ohms (Ω). This is the correct unit for the resistance RE on the left side. 
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 7. Convert 150 centimeters to an equal length in millimeters. A table of conversions gives 
1 cm = 10 mm. This solution is partially set up as follows: 

10 mm150 cm =
1 cm

×  

 8. Convert 21 liters to an equal volume in gallons. A table of conversions gives 
1 gal = 3.785 liters. 

 9. Convert 40 centimeters to an equal length in meters. A table of conversions gives 
1 m = 100 cm. 

 10. Convert 5 hours to an equal time in seconds. A table of conversions gives 1 h = 3600 s. 

 11. Convert 10.5 mi/h to an equal speed in ft/s. A table of conversions gives 1 mi = 5280 ft and 
1 h = 3600 s.  

Practice Exercises 9 
Algebra Review 

 1. The ratio of the speed of light in a vacuum (c = 3 × 108 m/s) to the speed of light in a particular 
medium (v) results in a constant known as the index of refraction (n). This can also be 

represented with the formula n = c
v

. Find the speed of light in glass (n = 1.5). 

 2. On a certain golf course, the traditional play is to take two strokes to go around a small lake. 
Each stroke requires a distance of about 250 yards, as shown below. You wonder how strong a 
drive would be needed to make it across the lake in one stroke. Determine how far a single 
stroke would have to go to cross the lake toward the green. (Hint: For a right triangle, 
a2 + b2 = c2.) 
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 3. Your medical insurance policy requires you to pay the first $100 of your hospital expenses 
(this is known as a deductible). The insurance company will then pay 80% of the remaining 
expense. The amount that you must pay can be expressed by the following formula: 

  E = [(T – D) × (1.00 – P)] + D 

where E is the expense to you (how much you must pay), 
 T is the total of the hospitalization bill, 
 D is the deductible you must first pay, and 
 P is the decimal percentage that the insurance company pays after  
 you meet the deductible. 

  Suppose you are expecting a short surgical stay in the hospital, for which you estimate the total 
bill to be about $5000. Use the formula to estimate the expense to you for the total hospital 
bill. 

 4. Greenshield’s formula can be used to determine the amount of time a traffic light at an 
intersection should remain green. This formula is shown below. 

  G = 2.1n + 3.7 

where G is the “green time” in seconds and 
 n is the average number of vehicles traveling in each lane per light cycle. 

  Find the green time for a traffic signal on a street that averages 19 vehicles in each lane per 
cycle. 

 5. White light is incident on the surface of a soap bubble. A portion of the surface reflects green 
light of wavelength λ0 = 540 nm. Assume that the refractive index of the soap film is near that 
of water, so that nf = 1.33. Estimate the thickness (in nanometers) of the soap bubble surface 
that appears green in 2nd order (m = 2).  

  Use 2nf t + 0

2
λ  = mλ0. 

 6. In close-up photography, the distance of the object from the lens determines how far the lens 
must be from the film. This requires special lenses and focusing mechanisms. These distances 
(all measured in the same units) are controlled by the formula 

  1 1 1=
f p q

+  

where f is the focal length of the lens, 
 p is the distance of the object being viewed from the center of the lens, and 
 q is the distance of the image formed on the film from the center of the lens. 

a. Rewrite the formula, isolating the variable representing the object distance. 
b. Determine the object distance predicted by the equation for a lens with a focal length of 

50 mm and a lens-to-film distance of 6.2 cm. 
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Practice Exercises 10 
Powers and Roots 

 1. A pendulum clock can maintain accurate time because it has a finely adjustable period of 
swing. The period of swing of a pendulum is given by the formula 

  T = 2π × L
g

 

where T is the period (see note below) of the pendulum in seconds, 
 L is the length of the pendulum in centimeters, and  
 g is the acceleration due to gravity, 980 cm/s2. 

  Note: The period is defined as the time required for one complete swing, back and forth. 

a. What would be the period of a pendulum that is 25.00 cm long?  
(Use your calculator’s value for π with this formula.) 

b. Suppose you want the same pendulum to have a period of 1.000 second. If the length were 
shortened to 24.90 cm, would the period be closer to or farther from the desired value of 
1.000 second? 

 2. You agree to sell your car for $2600 and allow the buyer to finance it by paying 1% per month 
interest on the unpaid balance. You would like to amortize the loan in 24 months (finish 
receiving payment with 24 equal monthly payments). Use the formula below to determine the 
monthly payment you should ask for. 

  R = P × 
1 (1 ) n

i
i − − + 

 

where R is the monthly payment, 
 P is the loan amount ($2600), 
 I is the periodic interest rate (0.01 per month), and 
 n is the number of payments (periods) (24 payments). 

 3. A shipper uses a cube-shaped box that is advertised to have 700 cubic inches of enclosed 
volume. What is the largest ball (sphere) one could place in this box? 



532    PHYSICS IN CONTEXT 

 4. Electrical resistors are coded with colored bands to indicate the value of resistance in ohms. 
Each color represents a number: 

Color 
Black 
Brown 
Red 
Orange 
Yellow 
Green 
Blue 
Violet 
Gray 
White 

Number 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

 

  The resistance value is determined by obtaining the first and second digits from the first and 
second color bands and multiplying by 10 raised to the nth power, where n is the number 
represented by the third color band. For example, a resistor banded red-brown-orange would 
have a resistance of 21 (from the red and brown bands) × 103 (from the orange band) ohms, or 
21,000 ohms. 

  Determine the resistance values for the following color band combinations: 
a. Green-brown-orange 
b. Red-red-blue 
c. Black-gray-black 
d. Yellow-green-brown 

 5. Some infrared temperature detectors use the fact that energy is radiated from hot “black” 
objects according to the formula 

  R = (5.670 × 10–12) × (273°C + T )4 
where R is the total energy radiated in watts per cm2 from a perfect radiator and 
 T is the temperature in degrees Celsius. 

a. What would be the total energy radiated from such an object that had a temperature of 
300°C? 

b. What would be the total energy radiated from such an object that had a temperature of 
37°C? 



APPENDIX E. PREPARATORY MATH SKILLS    533 

 6. When computing statistics, one must often evaluate the expression “n!” or “n factorial.” (You 
may have such a key on your calculator.) Factorial expressions are simply a decreasing series 
of numbers multiplied together. For example, 4! = 4 × 3 × 2 × 1 = 24. The value of 5! is 120 
(5! = 5 × 4 × 3 × 2 × 1). However, manually evaluating factorials of even slightly larger 
numbers (try 15!) becomes very tedious and results in very large numbers. So, for large values 
of n, Stirling’s formula is often used, as shown below. 

  n! ≈ ( )2 nπ  × 
nn

e
 
 
 

 

where e is a constant that has a value of about 2.718. 

  Use Stirling’s formula to obtain an approximate value for 30! If your calculator has an x! key, 
enter 30 and press x! (or 2nd x!) and compare the result with Stirling’s formula. 

Practice Exercises 11 
The Basics of Graphing 

 1. Information about the total highway mileage traveled by vehicles in the United States is shown 
below. 

 
 

a. What types of vehicles are referred to by this graph? 
b. What span of time is covered by the graph? 
c. The total mileage traveled each year is increasing. Which type of vehicle is increasing its 

total mileage faster? 
d. Use the graph to estimate how many miles trucks and buses will travel in the year 2005. 

Do you think this would be a reliable estimate? Why? 
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 2. There are many relationships between weather and crop performance. A relationship pertaining 
to corn yields in a certain region is pictured below. It compares crop yield with average 
temperature for the month of July, for various rainfalls. 

 

a. What units are being used for (1) crop yields, (2) average temperature, and (3) rainfall? 
b. How is the graph drawn so that you can identify the lines for the three different rainfalls? 
c. For an average temperature of 82°F, what crop yields can be expected for a 6" monthly 

rainfall? For a 1" monthly rainfall? 
d. Which is better for a cool average temperature of 70°F—heavy rainfall or light rainfall? 
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 3. A large company produces a certain machine part. The company can produce the part either by 
casting or by forging. The tooling cost for casting is quite expensive, but the labor and material 
cost is relatively low compared to the forging method. With the forging method, the tooling 
cost is lower but the labor and material cost is higher. A graph of these relationships is as 
follows. 

 

a. For an order of 15,000 parts, what is the cost of producing the part by casting? By 
forging? 

b. For an order of 5000 parts, what is the cost of producing the part by casting? By forging? 
c. At what size order, the breakpoint, are the cost of forging and the cost of casting the 

same? 
d. Can the “breakpoint” determined above be used as a guideline for the production staff? 

What would that guideline be? 
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 4. Traveling at 50 miles per hour, you record the mileage on your odometer every 30 minutes, as 
shown below. 

Time (min) Distance traveled (mi) 
0 0 

30 25 
60 50 
90 75 

120 100 
 

a. Draw and label the axes for your graph. Use the labels and title in the table above to help 
you label the axes. Put the driving time along the x-axis (0, 30, 60, 90, and 120) and 
distances traveled along the y-axis (up to 100). Then plot the information from the table, 
using the driving time and the distance traveled. Plot each set of data given in the table 
and join the points on the graph with lines. Your graph should be a straight line. If your 
graph is not fairly straight, check your points and plot them again. 

b. According to your graph, on your next trip (at the same speed) about how many miles can 
you travel in 50 minutes? How many in 100 minutes? Remember that you are 
interpolating with your graph; the result is only an estimate. 

c. Suppose you wanted to show the bottom axis in hours, rather than minutes. Relabel your 
bottom axis in hours without replotting your points. 

d. Now use your graph to tell how far you could travel in 3 hours. Do you think this is a 
reasonable extrapolation of your graph? 

 5. As a lab technician, you must perform various tests of material properties. A stress analysis on 
wire samples is one such test. Shown below are the results of a stress analysis on a length of 
copper wire. The stretch of the wire is measured as different weights are hung from it. 

Stress analysis on copper wire 

Load (lb) Stretch (inches) 
0 0.00 
2 0.02 
4 0.04 
6 0.06 
8 0.08 

10 0.10 
12 0.13 
14 0.64 

a. Construct a graph of the stretch in the 
copper wire at each load. Label the load 
along one axis and the stretch along the 
other axis. 

b. Interpret the graph to estimate the load limit 
for this wire. Show the load at which the 
wire will stretch to the point of breaking. 

c. Can you estimate what the stretch might be 
at 3 pounds? At 16 pounds? If so, what is 
your estimate? If not, explain why you are 
not able to estimate. 
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Practice Exercises 12 
Getting to Know Trigonometry 

 1. In electrical circuits with varying currents and voltages, the combined effect of resistance and 
reactance is called impedance. The impedance is related to the resistance and the reactance by 
the formula shown below. 

  Z2 = R2 + X2 

where Z is the impedance, in ohms, 
 R is the resistance, in ohms, and 
 X is the reactance, also in ohms. 

a. The relationship above is equivalent to the Pythagorean formula, which relates the sides of 
a right triangle. Draw and label a right triangle to represent the relation among the 
impedance, the resistance, and the reactance. 

b. A loudspeaker is labeled as having an impedance of 8.0 ohms. Your measurement with an 
ohmmeter shows a resistance of 1.5 ohms. What is the reactance of the speaker? 

 2. You need to string a cable across Murky Creek and need to determine the distance across. 
Suppose the two points can be labeled A and D, as shown in the sketch below. You find that, 
starting at point A, you can walk due south for 21 meters then turn due east and walk 22.5 
meters across the bridge. Finally, walking due north 9 meters you reach the desired point D. 

 
a. On your paper, make a sketch of the distances and directions traveled, similar to the 

sketch above. The final point should be labeled D. 
b. The segment joining point A to point D on your scale drawing is the distance you need to 

string cable. How many meters is it across Murky Creek, from point A to point D? 
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 3. A manual has the illustration shown here as a guideline for the safe use of an extension ladder. 
Suppose your ladder has a maximum extended length of 24 feet. 
a. Using the guideline of having 3 feet extending above the top landing, what is the distance 

to the top support for your ladder? 
b. Using the guideline shown in the drawing, what is the maximum landing height that you 

can safely reach with your ladder? 

 

 4. You want to build a picture frame from a kit. Each of the four frame pieces is 12 inches long 
(on the longest edge). To check for “squareness” you plan to measure the diagonals. How long 
should the diagonal measurement be (at its longest point) for this frame? 
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Solutions 

Practice Exercises 1: Learning How to Draw and Measure to Scale 

 1. Answers will vary. 

 2. a. 90; b. 15; c. 800; d. 5/8 

Practice Exercises 2: Learning How to Draw and Measure Angles 

 1. a. 90°; b. 50°; c. 45°; d. 110° 

 2.  

  
a. b. 

  
c. d. 

 3. a. They are perpendicular ( )m⊥  because they intersect at a right angle (90°). 

b. ∠2 = 90°; the reverse reasoning of part (a). 
c. ∠3 = 90°; because ∠1 and ∠3 together make a straight angle (180°), so ∠1 + ∠3 = 180° 

⇒ 90° + ∠3 = 180° ⇒ ∠3 = 90°. 
d. ∠4 = 90°; if ∠1 = 90° then ∠3 = 90° (from part (c)), then since ∠3 and ∠4 make up a 

straight angle then ∠4 = 90°. 
e. Lines m and p are parallel (m p) because each line is perpendicular (⊥ ) to the same 

line, . 
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 4.  

 

 5. a. 2; b. 1; c. 1; d. 3 

 6. a. 114° + 39° + x = 180° 
153° + x = 180° 
x = 27° 

b. (180° – 120°) + 67° + x = 180° 
60° + 67° + x = 180° 
127° + x = 180° 
x = 53° 

Practice Exercises 3: Learning How to Multiply and Divide Numbers and Units 

 1. 50 lb • ft 

 2. 5 lb/ft2 

 3. 20 N/m2 

 4. 13,600 g 

 5. 8 miles 

 6. 300 minutes 

 7. 624 lb/ft2 

 8. 20 N/m2 

Practice Exercises 4: Learning How to Write Numbers in Scientific Notation 

 1. a. 3.86 × 104 
b. 1.573 × 105 
c. 3 × 108 
d. 1.47 × 102 
e. 9.3 × 107 
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 2. a. 3.6 × 10–3 
b. 7.15 × 10–1 
c. 2.5 × 10–5 
d. 2 × 10–3 
e. 8.3 × 10–4 

 3. a. 8.15 
b. 0.004771 
c. 0.03261 
d. 47710 
e. 0.00389 
f. 300,000,000 

 4. a. 386 
b. 15.73 
c. 0.236 
d. 1.47 
e. 5.6 
f. 79.1 
g. d and e 

 5. a. 2.12 × 1012 
b. 1.89 × 1011 
c. 5.65 × 10–14 
d. 7.84 × 101 
e. 3.66 × 1048 

Practice Exercises 5: Learning How to Measure Angles in Radians 

 1. a. 360° 
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b. 8 sections (equal size) 
360

8
°  = 45° per piece  

 

c. There are 12 sections to a clock. So, 360
12

°  = 30°. 

d. 12 and 3 
3 sections 3 × 30° = 90° (forms a right triangle) 
12 and 6 
6 sections 6 × 30° = 180° (forms a straight triangle) 
12 and 9 
9 sections 9 × 30° = 270° 
12 to 12 
12 sections 12 × 30° = 360° (forms a full circle) 

 2.  radians45 =  radians
180 4

π π
° ×

°
 

 3.  radians 5150 =  radians
180 6

π π
° ×

°
 

 4. π  radians
3

180°
×
π  radians

= 60°  

 5. 5 π  radians
4

180°
×
π  radians

= 225°  

Practice Exercises 6: Area and Volume Measurement 

 1. The aluminum plate has an area of 32 in2. 

 2. The pool’s volume is 225 m3. 

 3. The fire extinguisher has a volume of 678 in3 of water. 

 4. The total volume is 349.67 or 350 in3. 
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Practice Exercises 7: Ratio and Proportion 

 1. 

Statement Fraction Indicated 
division Colon 

a. Jana is three times as tall as 
Mark. 

3⁄1 3 ÷ 1 3 : 1 

b. A gallon of milk costs twice as 
much as a gallon of gasoline. 

2⁄1 2 ÷ 1 2 : 1 

c. Her brother is half as old as 
my brother. 

1⁄2 1 ÷ 2 1 : 2 

 

 2. a. 12 3=
8 2

 

b. 4 1=
4 1

 

c. 1
1

 

 3. a. 12
20

 = 3
5

 = 0.6 ⇒ 60% 

b. 4
8

 = 1
2

 = 0.5 ⇒ 50% 

c. 1
2

 = 0.5 ⇒ 50% 

 4. a. 8
20

 = 2
5

 = 0.4 ⇒ 40% 

b. 4
8

 = 1
2

 = 0.5 ⇒ 50% 

c. 1
2

 = 0.5 ⇒ 50% 

 5. Yes 

 6. a. 6 parts tin 1 kg = 0.6 kg
10 parts total

×  

0.6 kg 1000 g
1 kg

× = 600 g of tin in 1 kg of soft solder 
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b. 4 lead 1 kg = 0.4 kg
10 total

×  

0.4 kg 1000 g
1 kg

×  = 400 g of lead in 1 kg of soft solder 

 7. b. 

 8. a. 

 9. 12 

 10. 1⁄8 

 11. 70 N =
2 cm 1 cm

x  

70 N • cm = (2 cm)x Use cross multiplication. 
x = 35 N 

 12. a. 1' : 1⁄4" 
12" : 1⁄4" Restate as a ratio with the same units. 
48 : 1 Multiply both sides by 4 to get whole numbers. 

b. 48
1

 = 24'
x

 (Using 48 : 1 ratio) 

48x = 24' • 1 
 x = 0.5', or 6" 

 A 6" line on the paper would represent a 24' wall. 

c. 48
1

 = 
9.5"

x  

 1 • x = 48 • 9.5" 
 x = 456", or 38' 
 So, a 9½" line on the paper corresponds to 38' in full scale. 

 13. a. Diameter = 1.5"  Circumference = 1.5(π)" 
Each turn of the large gear reels in 1.5(π)" of cable. Since 18" is needed, 

18"
1.5"π

 = 382 turns (rounded) of the large gear are required. 

41 turns of the small gear
1 turn of the large gear 382 turns of the large gear

x
=  

Solving for x, we find x = 157 turns of the small gear (rounded). 

b. 40 turns 157 turns=
1 minute x

 

(40 turns)x = (157 turns)(1 minute)  
x = 3.9 minutes (rounded) 
It will take about 3.9 minutes. 
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 14. The circular input piston will have an area of 2 2 2
in

12 inradius 113 in2A = π( ) = π( ) = . The 

ratio of pressures is inversely proportional to the ratio of the areas. Thus, 

  

outin

out in

out
2

2
out

out

Input pressure Output area
Output pressure Input area

80 psi
10,000 psi 113 in

(10,000 psi) (80 psi)(113 in )

(80 psi

AP
P A

A

A

A

=

=

=

=

=
2)(113 in )

10,000 psi
2

out 0.904 inA =

 

  The area of the output piston should be a little less than 1 square inch.  

  Next, calculate the diameter of the output piston using the formula for the area of a circle. 

 

out

out

out

2
out out

2

out

2
out

out

out
out

2

out

radius

2

2

2

2

0.904 in2 1.07 in.

A

A

A

A

Ad

d

d

d

d

•

•

= π( )

 = π 
 

 =  π  

=
π

=
π

= =
π

 

  So, the output piston must have a diameter of a bit more than an inch. 
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Practice Exercises 8: Unit Conversion 

 1. See table. 

 2. 6.8 kilocalories (kcal) 
10 centimeters (cm) 
5 millimeters (mm) 
3.14 nanoseconds (ns) 

 3. millimeters (mm) 
milligrams (mg) 
microcalories (µcal) 
centimeters (cm) 

 4. 1.56 × 101 kg 

 5. f iv v at= +   f i=  + v v at  

  
2

ft ft ft =  + 
s s s

( s 
 
 

)  
2

m m m =  + 
s s s

( s 
 
 

)  

  ft ft = 
s s

 m m = 
s s

 

 6. E  = R
A
ρ  

( cm = 
•Ω

Ω
) cm

2cm
 

 = Ω Ω  

 7. 150 cm 10 mm  
1 cm

×  = 1500 mm  

 8. 21 L 1 gal  
3.785 L

×  = 5.55 L  

 9. 40 cm 1 m  
100 cm

×  = 0.40 m  

 10. 5 h 3600 s  
1 h

×  = 18,000 s  

 11. 10.5 mi
h

5280 ft  
1 mi

×
1 h  × ft  = 15.4 s3600 s

×  
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Practice Exercises 9: Algebra Review 

 1. 

8

8

=

3 10  m/s1.5 =

3 10  m/s1.5 =

cn
v

v

v
v

×

×
× v×

81.5 = 3 10  m/s

1.5

v ×

1.5
v 8

8

3 10  m/s=
1.5

= 2 10  m/sv

×

×

 

  The speed of light in glass is 2 × 108 m/s. 

 2. 2 2 2

2 2 2

2 2

2 2

=

(250 yd) (250 yd) =

125,000 yd =

125,000 yd =
354 yd =   (rounded)

a b c

c

c

c
c

+

+

 

  c is the hypotenuse of the right triangle. 

  The hole is about 350 yards away. To clear the water, the ball does not have to go 350 yards in 
the air, but if it gets over the water it will probably roll that far. 

 3. E = [(T – D) × (1.00 – P)] + D 
E = [($5000 – $100) × (1.00 – 0.8)] + $100 
E = ($4900 × 0.2) + $100 
E = $980 + $100 
E = $1080 

  You will pay $1080 for the hospital bill. 

 4. G = 2.1n + 3.7 
G = 2.1(19) + 3.7 
G = 39.9 + 3.7 
G = 43.6 

  The light should stay green for about 44 seconds. 
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 5. 0
f 0

0 0 0
f 0

f 0

f

2 =
2

2 =
2 2 2

12 =  
2

2

n t m

n t m

n t m

n

λ
+ λ

λ λ λ
+ − λ −

 λ − 
 

f2
t

n

( )

0
f

0

f

1 1=
2 2

1=
2 2
540 nm 1= 2
2(1.33) 2
540 nm= 1.5

2.66
= 305 nm

m
n

t m
n

t

t

t

 λ − × 
 

λ  − 
 

 − 
 

 
  Factoring out λ0 simplifies the result but is not necessary. 

 6. a. 1 1 1

1 1 1 1 1

1

1

1

f p q

f q p q q

q f
fq fq p

q f
fq p

q fp
fq p

= +

− = + −

− =

−
=

 −
× = 
 

p×

q f
p

−
×

fq
fq 

×  
  q f−

1 fq
q f

fqp
q f

   
= ×     −  

=
−
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b. 50 mm 1 cm  
10 mm

×  = 5 cm  

 
2

(5 cm)(6.2 cm)=
6.2 cm 5 cm

31 cm=
1.2 cm

= 25.8 cm

p

p

p

−

 

Practice Exercises 10: Powers and Roots 

 1. a. = 2 LT
g

π ×  

2

25.00 cm= 2
980 cm/s

= 1.0035 cm (rounded)

T

T

π ×  

b. 
2

24.90 cm= 2
980 cm/s

= 1.0015 cm (rounded)

T

T

π ×  

 The 24.90-cm pendulum is closer to the desired value of 1.000 second. 

 2. R = P × 
1  (1  ) n

i
i − − + 

 

  R = $2600 × 
24

0.01
1  (1  0.01)− − + 

 

  R = $2600 × 
[ ]

0.01
1  0.7876...−

 

  R = $122.391 (rounded) 

  Therefore, the monthly payments will be $122.39. 

  Note: The “…” in the problem indicates that those numbers are not being rounded, but kept in 
the calculator. You should only round at the last step. 
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 3. The volume of a cube is given by the formula V = s3, where s is the length of one side of the 
cube. A sphere of diameter s will just fit within the box. Solve for s and substitute the given 
volume. 

V = s3 Given equation. 

3 33 V s=  Take the cube root of both sides. 

3 V s=  Simplify. 

3 3700 in
8.88 in.

=
=

s  Substitute value for V and solve.  

  So this box could hold a sphere with a diameter as large as 8.88 inches. 

 4. a. Green-brown-orange 
5-1-3 → 51 × 103 Ω = 51 kΩ 

b. Red-red-blue 
2-2-6 → 22 × 106 Ω = 22 MΩ 

c. Black-gray-black 
0-8-0 → 08 × 100 = 8 × 1 = 8 Ω 

d. Yellow-green-brown 
4-5-1 → 45 × 101 = 450 Ω 

 5. a. R = (5.670 × 10–12) × (273°C + T)4 

R = (5.670 × 10–12) × (273 + 300)4 

R = (5.670 × 10–12) × (573)4 

R = (5.670 × 10–12) × (1.078 × 1011) 
R = 0.611 watts/cm2 

b. R = (5.670 × 10–12) × (273 + 37)4 

R = (5.670 × 10–12) × (310)4 

R = (5.670 × 10–12) × (9.235 × 109) 
R = 5.236 × 10–2 watts/cm2 (or 0.05236 watts/cm2) 

 6. n! ≈ (2 )
nnn

e
 π ×  
 

 

30! ≈ 
30302 (30)

2.718
 π ×  
 

 

30! ≈ 3060 (11.04...)π ×  
30! ≈ (13.73…) × (1.933 × 1031) 
30! ≈ 2.6534 × 1032 (rounded) 

  Entering 30! into a calculator gives a result of 2.6525 × 1032 (rounded). In the “grand scheme 
of things,” these are pretty close! 
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Practice Exercises 11: The Basics of Graphing 

 1. a. Passenger cars and trucks and buses 
b. 1950 to 2000 
c. Passenger cars 
d. About 550. This estimate should be fairly reliable because over the last 50 years the 

increase has been consistent. 

 2. a. (1) bushels per acre, (2) Fahrenheit, (3) inches 
b. Each line is formatted differently so the user can distinguish between them. 
c. 6" about 75 bushels per acre 

1" about 37 bushels per acre 
d. Light rainfall (1" rainfall results in about 62 bushels per acre.) 

 3. a. 15,000 parts casting: about $10,500 
 forging: about $16,000 

b. 5000 parts casting: about $7000 
 forging: about $5500 

c. About 7500 parts 
d. Yes. If producing less than 7500 parts, it is more cost effective to use the forging method. 

If over 7500 parts are being produced, casting will save money. 
Parts < 7500  forging 
Parts > 7500  casting 

 4. a.  

Driving Distance versus Time

0

25

50

75

100

0 30 60 90 120
Time (minutes)

D
is

ta
nc

e 
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el

ed
 

(m
ile

s)

 
b. In 50 minutes you would travel about 42 miles. 

In 100 minutes you would travel about 84 miles. 
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c.  

Driving Distance versus Time

0
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50
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100
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nc

e 
Tr

av
el

ed
 

(m
ile

s)

 
d.  

Driving Distance versus Time

0
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 150 miles; this is a reasonable extrapolation. However, the more time spent in the car, the 

greater the likelihood that you will stop for gas, food, etc. 
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 5. a. 

Stress Analysis of Copper Wire

0.00
0.10
0.20
0.30
0.40
0.50
0.60
0.70

0 4 8 12 16

Load (lb)

St
re

tc
h 

(in
ch

es
)

 

b. Somewhere between 12 and 14 pounds the stretch distance increases drastically. 
c. 3 pounds  about 0.03 inch 

At 16 pounds an accurate estimation is not possible. We know that it would exceed 
0.64 inch, but we know little beyond that. The problem is that there is not a consistent 
pattern at and around this point to project the stretched distance. The “point of breaking” 
in a material can be modeled with a piece of silly putty. Take a piece and pack it tightly 
together. Then slowly pull on both ends. You’ll notice that initially there is resistance to 
the stretching. But once it gets to a certain point the resistance greatly decreases as you 
pull it apart. 

Practice Exercises 12: Getting to Know Trigonometry 

 1. a. The labels for the legs can be reversed, but the hypotenuse must correspond to the 
impedance Z. 
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b. X2 = Z2 − R2 

X = 2 2(8.0 ohms)  (1.5 ohms)−  
X = 7.9 ohms (rounded) 

 2. a. 

 

b. Using the right triangle ABD shown in the drawing above: 
AD = 2 2(AB)  + (BD)  

AD = 2 2(21 9)  + (22.5)−  

AD = 2 212  + (22.5)  
AD = 25.5 m 

 3. a. To have 3 feet above the top landing with a 24-foot ladder, you can have no more than 
21 feet (that is, 24 ft − 3 ft) between the point at which the ladder touches the ground and 
the top support. 

b. The drawing with the exercise shows a right triangle whose base is one-quarter the length 
of the hypotenuse. The hypotenuse was determined in part (a) to be 21 feet. Then use the 
Pythagorean formula to solve for the remaining leg. 

 c2 = a2 + b2 (Solve for one leg, b.) 
b = 2 2c a−  

Here c = 21 ft and a = 
4
c  = 21

4
 = 5.25 ft 

b = 2 2(21) (5.25)−  
b = 20.33 ft or 20' 4" (rounded)  

 This ladder’s maximum safe landing height is 20' 4" from the ground. 
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 4. Since the frame will be square, each pair of sides forms a right triangle. The diagonal will be 
the hypotenuse, so you can use the Pythagorean formula. 

  c2 = a2 + b2 

c = 2 2(12 in)  + (12 in)  

c = 2288 in ,  or 17 in. (rounded) 

Or you may use the fact that the right triangle formed is a 45°-45° triangle. Then the 
hypotenuse is 2  times the length of one leg, or 12 2  inches, yielding the same answer as 
above.  




